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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention lies in the field of hemocytometry
and systems in general for the counting of biological cells
suspended in fluids. The focus of this invention is on au-
tomated cell counting systems.

Description of the Prior Art

[0002] Cell counting is of interest in a variety of clinical
and research procedures, including the counting of leu-
kocytes and erythrocytes, which is of value in the diag-
nosis of various diseases or abnormal conditions and in
the monitoring of patients that are undergoing treatment
for such diseases or conditions. Cells can be counted
manually by placing a known dilution of a sample be-
tween optically clear plates that are sufficiently close to
each other (typically with a spacing on the order of 100
mm) to form the cells into a single layer, magnifying an
area of the layer of designated dimensions to a known
magnification, and counting the cells in the magnified ar-
ea through a microscope. Manual cell counters often in-
clude a grid inscribed in the counting area to lessen the
burden on the user. A description of such a grid and the
procedure for its use is found in Qiu, J., United States
Patent No. US 7,329,537 B2, issued February 12, 2008,
"Micro-Pattern Embedded Plastic Optical Film Device for
Cell-Based Assays." Regardless of how it is done, man-
ual cell counting is tedious and highly vulnerable to user
error. Counting is commonly aided by using a high dilution
of the sample to lessen the number of cells in the counting
area, but the accuracy of the counting declines with every
decrease in the proportion of cells that are counted.
[0003] Automation of cell counting procedures has
been made possible by the use of digital imaging sys-
tems. An example of such a system is ImageJ, a Java-
based image processing program developed at the Na-
tional Institutes of Health and reported by Collins, T.J.,
"ImageJ for microscopy, "BioTechniques 43 (1 Suppl.):
25-30 (July 2007). The use of ImageJ in hematology sys-
tems is reported by Gering, T.E., and C. Atkinson, "A
rapid method for counting nucleated erythrocytes on
stained blood smears by digital image analysis," 1 Par-
asitol. 90(4): 879-81 (2004). Further disclosures of auto-
mated cell counting are Chang, J.K., et al., United States
Patent No. US 7,411,680 B2, issued August 12, 2008,
"Device for Counting Micro Particles," and Chang, J.K.,
et al., United States Patent Application Publication No.
US 2006/0223165 A1, published October 5, 2006, "De-
vice for Counting Cells and Method for Manufacturing
the Same." Other examples of prior art devices are shown
in : US2004/170312, US2008/088952, US2003/026762,
US2004/246479, US5754291, US2005/023439 or
WO98/50577.

[0004] Automated cell counting systems themselves
contain an inherent statistical uncertainty due to what is
commonly referred to as "sampling error," which refers
to the error inherent in selecting the area in which the
automated counting is performed. One of the limitations
of automated cell counters that are currently available is
that due to the limitations of the optical components in
the instruments, the area in which cells are counted is of
limited size compared to the entire area occupied by the
sample. Since this limits the number of cells accordingly,
and the error increases with every decrease in the
number of cells being counted, the typical instrument of
the prior art is constructed with a long optical path or a
large footprint (the surface area on a laboratory bench
that the instrument consumes), or both, to achieve an
acceptable level of accuracy. This presents disadvantag-
es to the user, particularly when the instrument is to be
used in a cell culture hood.

SUMMARY OF THE INVENTION

[0005] Disclosed herein is a fully self-contained instru-
ment for highly accurate cell counting with minimal user
intervention as well as a relatively small footprint and
limited height. A cell suspension is placed in a consum-
able sample vessel whose size and dimensions can vary
widely, one convenient example of which is a vessel
whose outer dimensions are similar to those of a micro-
scope slide. The vessel can thus be similar in construc-
tion and dimensions to the vessel described in US
2006/0223165 A1 referenced above, with at least one
flat, shallow internal chamber bounded on the top and
bottom by flat, optically clear windows, which can be plas-
tic sheets, whose spacing is close enough that most of
the cells of the sample form a layer that is one cell deep.
Appropriate inlet and vent ports can be included in the
vessel to allow the chamber to be easily and completely
filled with the sample. The vessel is then placed in the
instrument where it intersects a linear optical path.
In particular the invention provides an automated cell
counter comprising optical components, a sample mount
for receiving a sample slide, and a housing retaining said
optical components and sample mount, said optical com-
ponents comprising a light source, a digital imaging sen-
sor, and lenses positioned to direct light from said light
source to said digital imaging sensor through said sample
mount, said lenses comprising a negative lens adjacent
to said digital imaging sensor, and two achromat lenses
of an achromat lens pair separated by an aperture, the
ratio of the focal lengths of said two achromat lenses
being within a range of 1.5 to 6, said optical components
arranged in a linear optical path and arranged such that
when a sample slide containing a cell suspension is
mounted in said sample mount, an image of said cell
suspension is projected onto said digital imaging sensor,
said digital imaging sensor comprising at least about
4,000,000 pixels and imaging a field of view at said sam-
ple mount of at least 3 mm2, each pixel being 232 mm
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or less in area, wherein said optical path is vertically ori-
ented and said housing is mounted to a support base
that is at least as wide as said housing, said housing and
support base each occupying lateral areas of not more
than 300 cm2 and said optical path having a total height
of not more than 20 cm.
The term "linear" as used herein denotes a path with no
turns or other changes in direction of the light beams
other than those caused by lenses. The vessel enters
the instrument through a slot at a designated height in
the optical path, and as described below in greater detail,
the instrument in certain embodiments of the invention
contains features that automatically adjust the height of
the sample for purposes of focusing the sample image.
Certain embodiments contain features that cause all in-
strument functions to begin operation upon the insertion
of the sample vessel into the instrument.
The invention further provides a method for counting cells
in a cell suspension, said method comprising: (a) placing
an aliquot of said cell suspension in an internal chamber
of a sample slide to form a film of said suspension in said
chamber, (b) creating a digital image of a field of view of
at least 3 mm2 within said film on the automated cell coun-
ter as defined above and (c) digitally counting said cells
in said digital image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a perspective view of a cell counting instru-
ment representing an example of an implementation
of the concepts disclosed herein.

FIG. 2 is a diagram of the optical components of the
instrument of FIG. 1.

FIG. 3 is a perspective view of optical components
in the interior of the instrument of FIG. 1.

FIG. 4 is an exploded view, in perspective, of two
plates constituting a sample slide for use in the in-
strument of FIG. 1.

FIG. 5A is a view of the upper surface of the upper
plate of the sample slide of FIG. 4. fig. 5B is a view
of the lower surface of the upper plate of the sample
slide of FIG. 4.

DETAILED DESCRIPTION

[0007] The upper and lower optical windows between
which the cell suspension is retained inside the sample
vessel are close enough that the retained suspension is
a thin film whose lateral dimensions, i.e., its exposed
length and width, are at least an order of magnitude great-
er that its thickness. The entire exposed area (i.e., lateral
dimensions) of the sample chamber or a laterally dimen-

sioned portion thereof serves as a field of view that is
projected onto a digital imaging sensor that contains at
least 4,000,000 (four million) pixels, or in certain embod-
iments from 4,000,000 to 10,000,000 pixels, with each
pixel being no greater than 2 x 2 mm (4 mm2) in size, or
from 0.5 x 0.5 mm (0.25 mm2) to 2 x 2 mm (4 mm2) in
certain embodiments, and in certain of the latter from 1
x 1mm (1 mm2) to 2 x 2 mm (4 mm2). The field of view
imaged by the sensor is at least 3 mm2, and often from
3 mm2 to 10 mm2. A complementary metal oxide semi-
conductor (CMOS) is one example of a digital imaging
sensor useful for this purpose. Examples of CMOS sen-
sors meeting these parameters are the OV5620 and
OV5632 color imagers available from OmniVision, Santa
Ciara, California, USA. Other examples are available
from Aptina Imaging, a division of Micron Technology,
Inc., of San Jose, California, USA. A color digital imaging
sensor can also be used. Image processing to count the
cells in the image generated by the CMOS sensor can
be achieved by known digital counting methods, such as
those mentioned above.
[0008] The image of the sample chamber can be mag-
nified along the optical path by a magnification that is
often within a range of from 1.5 to 6, or a range of from
1.5 to 3, with a magnification of about 2 as an example.
This can be achieved by a two-lens achromat assembly.
An example of such a lens assembly is a lens of 35-mm
focal length closest to the sample, a lens of 60-mm focal
length closest to the sensor, and an aperture between
the two lenses. The distance between the lens nearest
the sample and the sample itself in this example is thus
35 mm, and the distance between the lens nearest the
sensor and the imager itself is 60 mm. The magnification
of the system is the ratio of the focal lengths of the two
lenses, which in this case is 60 mm/35 mm =1.7. The two
lenses can each for example be 12.5 mm in diameter,
and the aperture can be 6mm in diameter. Lenses of
other diameters and focal lengths that will produce the
same or approximately the same results will be readily
apparent to those skilled in the art. The footprint of the
instrument is defined as the area projected by the larger
of the instrument and its support base on a plane per-
pendicular to the optical path. As noted above, the in-
strument can be constructed with a small footprint, par-
ticularly one that is less than 300 cm2 in area.
[0009] When a flat digital imaging sensor is used, a
negative lens can be positioned below the sensor to in-
tercept the optical signal immediately and to correct the
focus field curvature of the achromat lens pair. This type
of field curvature is common in optical systems and is
also referred to as Petzval curvature. In an illustrative
embodiment, a 6 mm-diameter lens with a minus-18 mm
focal length is used. The lens thickness can vary but is
optimally selected to correct the curvature without sub-
stantially reducing the field of view.
[0010] Illumination of the sample can be achieved with
a conventional light source at the base of the instrument
and a collimating lens between the light source and the
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sample. With these components the sample is illuminat-
ed by trans-illumination without a diffuser. A preferred
light source is a single white light-emitting diode (LED)
with a fluorescent coating. An example of such a com-
ponent is LUXEON® Rebel White, part no. LXML-
PWN1-0050, available from Philips Lumileds Lighting
Company, San Jose, California, USA. An example of a
collimating lens is one that is 9 mm in diameter with a
focal length of 18 mm. With these dimensions and those
of the preceding paragraphs, an instrument can be con-
structed with the achromat lens pair approximately 35
mm above the sample, and the sensor approximately 60
mm above the achromat lens pair. With an achromat lens
pair having a thickness of approximately 13 mm, the total
distance between the sample and the sensor can be as
little as 108 mm. In general, the optical path of the instru-
ment, i.e., defined herein as the arrangement of the com-
ponents extending from the light source to the CMOS or
other digital imaging sensor, can be 20 cm or less in
height. In preferred instruments within the scope of this
invention, the optical components are mounted to the
housing interior in a floating manner using compliant
counts, to avoid damage to, or misalignment of, the op-
tical system upon jolts to the instrument, such as might
occur when the instrument is dropped or mishandled, or
collides with another instrument or piece of equipment.
[0011] As noted above, the sample vessel, which will
be referred to henceforth as a sample slide in view of its
similarity in size and shape to a microscope slide, is re-
ceived in the instrument through a slot that is positioned
at a location along the optical path that is at a distance
from the nearest lens of the achromat lens pair equal to
the focal length of the lens. In its preferred embodiments,
the instrument as a whole is 30 cm or less in height, and
the use of a digital imaging sensor as described above
that employs a large number of pixels of the small sizes
indicated permits the instrument to be constructed with
the slot at a sufficient height to allow the user to comfort-
ably insert the slot by hand, i.e., clearing the user’s hand
from the table on which the instrument rests. The slot
can thus be 60 mm or more from the base of the instru-
ment, and preferably 70-80 mm from the base.
[0012] In preferred embodiments of the invention, the
instrument provides autofocusing of the sample image
by automatically adjusting the height of the slide following
its insertion. One means of autofocusing involves the use
of an image processor chip that provides an output of
image contrast within an array of zones across the image
from the sensor. An example of such a chip is the Frees-
cale Semiconductor MC9328MX21, available from
Keil™ - an ARM Company, Plano, Texas, USA; other
examples will be apparent to those skilled in the art. The
sum of the absolute differences of adjacent green pixels
in a particular zone of the sensor array can be used as
the image contrast value, and optimum focus is achieved
when the image contrast value is at a maximum. The
focus can then be adjusted by a geared motor connected
to the slide mount within the receiving slot, i.e., the motor

when rotated will move the slide mount up or down to
change the focus of the image. The contrast value is de-
tected at various positions of the motor which is then
returned to the position producing the highest contrast
value. In many embodiments of the instrument, this auto-
focusing can occur in 15 s or less.
[0013] An accessory that can be supplied with the in-
strument is a standard slide for quality control, such as
verifying the accuracy of counting live and dead cells and
the ability of the instrument to focus properly. The stand-
ard slide can have the same external dimensions as a
sample slide, but instead of a sample chamber(s), the
standard can have an array of dark-colored spots and
rings printed on it, the spots simulating dead cells and
detected as such in the digital imaging sensor and the
rings simulating live cells and detected as such in the
digital imaging sensor.
[0014] In certain embodiments of the concepts de-
scribed herein, the functions performed by the instru-
ment, including autofocusing and cell counting, are initi-
ated by the simple insertion of the sample slide. This
initiation can be achieved by the inclusion of a non-con-
tact optical reflection sensor located within the slot or on
the slide mount within the slot.
An example of a suitable sensor is one that emits an
infra-red beam and detects objects within approximately
one millimeter of the sensor aperture by detecting a re-
flected signal from the beam. The reflected signal will
rise to a maximum level when the slide is fully inserted,
and the high signal will initiate the autofocusing and cell
counting mechanisms. One example of a sensor that can
serve this purpose is the QRE1113 Reflective Object
Sensor, available from Fairchild Semiconductor Corpo-
ration, San Jose, California, USA. Other examples will
be apparent to those skilled in the art.
[0015] A further feature that can be included in instru-
ments embodying the features described herein is the
automatic detection of cells in the sample that are stained
with a vital stain. A vital stain is one that preferentially
stains dead cells, and the differentiation between cells
stained with such a stain and those that are not is
achieved by the use of differently colored pixels. Trypan
blue is one example of a vital stain; eosin and propidium
iodide are other examples. Trypan blue transmits blue
light and attenuates red light, and by comparing the in-
tensities of blue and red pixels in the image sensor, the
instrument can determine whether cells stained with a
vital stain are present. Other dyes will afford similar color
distinctions as appropriate to the dyes themselves. Im-
age processing chips that incorporate this automatic de-
tection feature include those referenced above and are
readily available. The instrument can be programmed to
eliminate any possible undercounting of viable cells and
thereby detect viable cells to a particularly high degree
of accuracy by focusing on two or more planes. The con-
trast between live cells and dead cells can be increased
further by using optical filters to control the illumination
bandwidth, or by selecting a spectrally narrow light
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source, such as an LED of a particular color instead of
white. For example, a 585 nm optical filter with about 20
nm bandwidth can be used to match the illumination to
the peak absorption wavelength of the Trypan blue dye,
whose peak absorption is 586 nm. The dead cells will
appear darker when the sample is illuminated through
this filter.
[0016] In preferred instruments within the scope of this
invention, all functions that contribute to the obtainment
of a cell count in the sample are contained within the
instrument housing, and the full Operation of the instru-
ment can thus be achieved without the use of an external
machine or computer. Included among these functions
are the automatic focusing by varying the height of the
sample slide to find the best focal plane to discriminate
cells from background, the determination of whether the
sample has been stained with Trypan blue or other vital
stain, a multi-focal plane analysis when a vital stain is
detected so that each cell is scored on multiple focal
planes to prevent undercounting of live cells, an integrat-
ed dilution counter to determine the volume of a cell sus-
pension to use, the ability to produce a visual image of
the cells on the display at the option of the user and to
zoom in for a detailed visual inspection of the cells, and
the ability and user option to export the results to a USB
flash drive or to a thermal printer or other external printer.
All of these functions can be initiated by the simple in-
sertion of the sample slide by way of the non-contact
optical reflection sensor described above, and in many
cases, the execution of these functions is completed in
30 s or less.
[0017] The Figures hereto depict an instrument that
contains many of the features described above and
serves as one example of an implementation of the con-
cepts described herein.
[0018] FIG. 1 depicts an automated cell counter instru-
ment 11 in its upright position as it would be used on a
laboratory bench. The visible parts of the instrument are
a housing 12, a support base 13, a display screen 14, a
control panel 15, and a slot 16 for insertion of a sample
slide 17. The display screen shows the progress of the
cell counting analysis, identifies the functions of the in-
strument as they are being performed, and offers options
to the user for various functions and for showing an image
of the cells in the sample slide.
[0019] FIG. 2 depicts components of the optical path
in the interior of the instrument of FIG. 1 with the sample
slide 17 having been positioned in the optical path. The
sample slide 17 is horizontal and resides above an LED
board 22 serving as the light source. A collimating lens
23 renders the light rays from the LED parallel as they
approach the sample slide. The achromat lens pair 24 is
positioned between the sample slide 17 and the sensor
25. The two lenses 26, 27 of the achromat lens pair are
separated by an aperture 28. A field flattening lens 29 is
positioned immediately below the sensor 25.
[0020] FIG. 3 depicts the main optics assembly, show-
ing the slide mount 31 with the sample slide 17 partially

inserted, the LED board 22, the illumination (collimating)
lens 23, the geared motor 32 that adjusts the slide height
to focus the image, and an imaging lens tube 33 termi-
nating in a fitting 34 to receive the CMOS sensor board.
Also shown in the Figure is the main printed circuit board
35 that controls the functions of the instrument and in-
cludes a motor drive chip to control the motor 32. The
board 35 resides within the housing and the position of
the board in the Figure reflects its position relative to the
optics assembly.
[0021] A sample slide for use in the instrument of the
preceding Figures is shown in FIGS. 4, 5A, and 5B. The
view in FIG. 4 is a perspective view, and the slide 17 is
formed of two plates 42, 43 bonded together but shown
separated in the Figure. The slide contains two sample
chambers, as indicated by the indicia "A" and "B," re-
spectively, separated from each other lengthwise along
the slide and laterally offset from each other. The areas
44, 45 of the lower plate 43 that form the bottom surfaces
of the sample chambers are made of optically transparent
material, as are the corresponding areas of the upper
plate 42 that are directly above these areas on the lower
plate and form the upper surfaces of sample chambers.
The lower plate 43 in this embodiment is thicker than the
upper plate 42 to provide rigidity to the slide, and the
relative thinness of the upper plate 42 permits the upper
window of each sample chamber to be thinner than the
lower window, and indeed as thin as possible to achieve
a highly focused image in the CMOS sensor. Each sam-
ple chamber is thus offset from the center plane of the
slide and closer to the upper plate 42 than to the lower
plate 43.
[0022] FIGS. 5A and 5B are planar views of the top
surface 51 and bottom surface 52, respectively, of the
upper plate 42, the bottom surface 52 being the surface
that is bonded to the lower plate 43. Each sample cham-
ber is defined by a recess 53 (FIG. 5B) in the bottom
surface of the upper plate, which further reduces the
thickness of the area forming the optically clear window
at the top of each sample chamber. In one example of
the dimensions of the slide, the thickness of the upper
plate in areas other than the recess 53 is 0.65 mm and
the thickness of the lower plate is 1.00 mm, for a total
slide thickness of 1.65 mm. The recess 53 is 0.100 mm
in depth, which thus forms a sample chamber that is
0.100 mm in depth, a standard sample chamber thick-
ness for manual hemocytometers. Each sample cham-
ber has two loading or vent ports 54, 55, one at each of
the two opposing longitudinal ends of the elongated
chamber. Overflow areas 56, 57, 58, 59 that are open at
the top of the slide are positioned at each of the four
corners of each sample chamber to accommodate ex-
cess sample and thereby insure that the sample chamber
is properly filled with sample.
[0023] Since each sample chamber is closer to the up-
per plate 42 than to the lower plate 43, the slide functions
best when properly inserted into the cell counter with the
upper plate 42, and hence the thinnest optical window,
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at the top. To ensure that the slide is inserted in this ori-
entation, the slide is formed with notches 61, 62 in two
diagonally opposing corners of the slide. The internal sur-
faces of the slot in the cell counter into which the slide is
inserted to initiate the functions of the cell counter con-
tains contour features that are complementary to these
notches. The notches and complementary contours in
the slot thereby prevent the user from inserting the slide
upside down, i. e., with the upper plate 42 at the bottom
rather than the top. The symmetrical arrangement of the
notches also complements the symmetrical arrangement
of the two sample chambers and permits the slide to be
inserted with either end first, while preventing the slide
from being inserted in an inverted position (upside down).
Since the slide is preferably a consumable item, it can
thus be used for cell counting measurements on two in-
dependent samples at different times, and once both
chambers have been used the slide can be disposed of
and not used again.
[0024] Variations on the construction of the sample
slide that still ensure proper orientation will be readily
apparent to those skilled in the art. The arrangement,
number, and shapes of the notches can thus be varied,
as can the number of sample chambers and their loca-
tions relative to each other in the slide. The material of
construction can vary widely and can be any material that
can form an optically clear window, that is inert to the
sample, and that is sufficiently rigid to be inserted into
the cell counter. Poly(methyl methacrylate) and polycar-
bonate are examples of materials that are can be used.
Others will be readily apparent to those skilled in the art.
Likewise, the Bonding of the plates can be accomplished
by conventional means. Laser welding and ultrasonic
welding are examples.
[0025] In the claims appended hereto, the terms "a"
and "an" are intended to mean "one or more." The term
"comprise" and variations thereof such as "comprises"
and "comprising," when preceding the recitation of a step
or an element, are intended to mean that the addition of
further steps or elements is optional and not excluded.

Claims

1. An automated cell counter (11) comprising optical
components, a sample mount (31) for receiving a
sample slide (17), and a housing (12) retaining said
optical components and sample mount (31), said op-
tical components comprising a light source (22), a
digital imaging sensor (25), and lenses (23, 26, 27,
29) positioned to direct light from said light source
(22) to said digital imaging sensor (25) through said
sample mount (31), said lenses (23, 26, 27, 29) com-
prising a negative lens (29) adjacent to said digital
imaging sensor (25), and two achromat lenses (26,
27) of an achromat lens pair (24) separated by an
aperture (28), the ratio of the focal lengths of said
two achromat lenses (26, 27) being within a range

of 1.5 to 6, said optical components arranged in a
linear optical path and arranged such that when a
sample slide (17) containing a cell suspension is
mounted in said sample mount (31), an image of said
cell suspension is projected onto said digital imaging
sensor (25), said digital imaging sensor (25) com-
prising at least about 4,000,000 pixels and imaging
a field of view at said sample mount (31) of at least
3 mm2, each pixel being 232 mm or less in area,
wherein said optical path is vertically oriented and
said housing is mounted to a support base that is at
least as wide as said housing (12), said housing (12)
and support base (13) each occupying lateral areas
of not more than 300 cm2 and said optical path hav-
ing a total height of not more than 20 cm.

2. The automated cell counter (11) of claim 1 wherein
said lenses (23, 26, 27, 29) comprise a collimating
lens (23) between said light source (22) and said
sample slide (17).

3. The automated cell counter (11) of claim 1 wherein
said digital sensor (25) contains from about
4,000,000 to about 10,000,000 pixels, each pixel is
from about 0.530.5 mm to about 232 mm in area,
and said imaging field is from about 3 mm2 to about
10 mm2.

4. The automated cell counter (11) of claim 1 wherein
said digital imaging sensor (25) comprises means
for generating contrast values between adjacent re-
gions of said image, said sample mount (31) is of
adjustable height along to said optical path, and said
cell counter (11) further comprises means for auto-
mated adjustment of said height (32) in response to
said contrast values until said image is focused.

5. The automated cell counter (11) of claim 4 further
comprising a digital imager that counts cells in said
field of view, and said digital imager and said auto-
mated adjustment of said height (32) of said sample
mount (31) are initiated automatically upon insertion
of a sample slide (17) in said sample mount (31).

6. The automated cell counter (11) of claim 1 wherein
said digital imaging sensor (25) is flat, and said
achromat lens pair (24) has a focus field at said digital
imaging sensor (25).

7. The automated cell counter (11) of claim 1 wherein,
when said support base (13) rests on a surface, said
housing (12) is 30 cm or less in height and said sam-
ple mount (31) is at least 6 cm above said surface.

8. A method for counting cells in a cell suspension, said
method comprising:

(a) placing an aliquot of said cell suspension in
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an internal chamber of a sample slide (17) to
form a film of said suspension in said chamber,
(b) creating a digital image of a field of view of
at least 3 mm2 within said film on the automated
cell counter (11) of claim 1 and
(c) digitally counting said cells in said digital im-
age.

9. The method of claim 8 wherein said digital imaging
sensor (25) contains from about 4,000,000 to about
10,000,000 pixels, each pixel is from about 0.530.5
mm to about 232 mm in area, and said imaging field
is from about 3 mm2 to about 10 mm2.

10. The method of claim 8 wherein step (b) is performed
by a plurality of functions comprising automatic fo-
cusing of said digital image by moving said sample
mount (31), detecting whether a vital stain is present
in said aliquot, creating digital images of a plurality
of focal planes within said internal chamber of said
sample slide (17) when a vital stain is detected, and
processing images formed on said digital imaging
sensor (25) to determine a cell count in said aliquot,
are all performed internally within said housing (12).

11. The method of claim 8 wherein step (c) comprises
focusing said optical components on a plurality of
planes within said internal chamber.

12. The method of claim 8, further comprising automat-
ically generating contrast values between adjacent
regions of said image, and automatically adjusting
said sample mount (31) to a height along said optical
path in response to said contrast values to focus said
image, prior to step (b).

13. The method of claim 8, further comprising using a
light source (22) that is spectrally limited to produce
an image in said imaging sensor (25) that differenti-
ates between live cells and dead cells.

Patentansprüche

1. Automatischer Zellzähler (11), der optische Kompo-
nenten, einen Probenhalter (31) zur Aufnahme eines
Probenobjektträgers (17) und ein Gehäuse (12), in
dem die optischen Komponenten und der Proben-
halter (31) befestigt sind, umfasst, wobei die opti-
schen Komponenten eine Lichtquelle (22), einen di-
gitalen Bildgebungssensor (25) und Linsen (23, 26,
27, 29), die so positioniert sind, dass sie Licht aus
der Lichtquelle (22) durch den Probenhalter (31) hin-
durch zu dem digitalen Bildgebungssensor (25) len-
ken, umfassen, wobei die Linsen (23, 26, 27, 29)
eine Zerstreuungslinse (29), die dem digitalen Bild-
gebungssensor (25) am nächsten liegt, und zwei
Achromatlinsen (26, 27) eines achromatischen Lin-

senpaars (24), die durch eine Blende (28) getrennt
sind, umfassen, wobei das Verhältnis der Brennwei-
ten der zwei Achromatlinsen (26, 27) innerhalb eines
Bereichs von 1,5 bis 6 liegt, wobei die optischen
Komponenten in einem linearen Lichtweg angeord-
net sind und so angeordnet sind, dass dann, wenn
ein Probenobjektträger (17), der eine Zellsuspensi-
on enthält, in dem Probenhalter (31) montiert ist, ein
Bild der Zellsuspension auf den digitalen Bildge-
bungssensor (25) projiziert wird, wobei der digitale
Bildgebungssensor (25) wenigstens etwa 4 000 000
Pixel umfasst und ein Gesichtsfeld an dem Proben-
halter (31) von wenigstens 3 mm2 abbildet, wobei
jedes Pixel eine Fläche von 2 x 2 mm oder weniger
hat, wobei der Lichtweg vertikal ausgerichtet ist und
das Gehäuse auf einer Trägerbasis montiert ist, die
wenigstens so breit wie das Gehäuse (12) ist, wobei
das Gehäuse (12) und die Trägerbasis (13) jeweils
seitliche Flächen von nicht mehr als 300 cm2 ein-
nehmen und der Lichtweg eine Gesamthöhe von
nicht mehr als 20 cm aufweist.

2. Automatischer Zellzähler (11) gemäß Anspruch 1,
wobei die Linsen (23, 26, 27, 29) einen Kollimator
(23) zwischen der Lichtquelle (22) und dem Proben-
objektträger (17) umfassen.

3. Automatischer Zellzähler (11) gemäß Anspruch 1,
wobei der digitale Sensor (25) etwa 4 000 000 bis
etwa 10 000 000 Pixel enthält, jedes Pixel eine Flä-
che von etwa 0,5 x 0,5 mm bis etwa 2 x 2 mm hat
und das Gesichtsfeld etwa 3 mm2 bis etwa 10 mm2

beträgt.

4. Automatischer Zellzähler (11) gemäß Anspruch 1,
wobei der digitale Bildgebungssensor (25) Einrich-
tungen zur Erzeugung von Kontrastwerten zwischen
benachbarten Bereichen des Bildes umfasst, wobei
der Probenhalter (31) eine entlang des Lichtwegs
einstellbare Höhe aufweist und der Zellzähler (11)
weiterhin Einrichtungen zur automatischen Einstel-
lung der Höhe (32) als Reaktion auf die Kontrastwer-
te, bis das Bild fokussiert ist, umfasst.

5. Automatischer Zellzähler (11) gemäß Anspruch 4,
weiterhin umfassend einen digitalen Bebilderer, der
Zellen in dem Gesichtsfeld zählt, wobei der digitale
Bebilderer und die automatische Einstellung der Hö-
he (32) des Probenhalters (31) beim Einsetzen eines
Probenobjektträgers (17) in den Probenhalter (31)
automatisch initiiert werden.

6. Automatischer Zellzähler (11) gemäß Anspruch 1,
wobei der digitale Bildgebungssensor (25) flach ist
und das achromatische Linsenpaar (24) einen
Brennbereich auf dem digitalen Bildgebungssensor
(25) aufweist.
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7. Automatischer Zellzähler (11) gemäß Anspruch 1,
wobei dann, wenn die Trägerbasis (13) auf einer Flä-
che aufliegt, das Gehäuse (12) eine Höhe von 30
cm oder weniger aufweist und sich der Probenhalter
(31) wenigstens 6 cm oberhalb der Fläche befindet.

8. Verfahren zum Zählen von Zellen in einer Zellsus-
pension, wobei das Verfahren umfasst:

(a) Platzieren eines Aliquots der Zellsuspension
in einer internen Kammer eines Probenobjekt-
trägers (17) unter Bildung eines Films der Sus-
pension in der Kammer;
(b) Schaffen eines digitalen Bildes eines Ge-
sichtsfelds von wenigstens 3 mm2 innerhalb des
Films auf dem automatischen Zellzähler (11) ge-
mäß Anspruch 1; und
(c) digitales Zählen der Zellen in dem digitalen
Bild.

9. Verfahren gemäß Anspruch 8, wobei der digitale
Bildgebungssensor (25) etwa 4 000 000 bis etwa 10
000 000 Pixel enthält, jedes Pixel eine Fläche von
etwa 0,5 x 0,5 mm bis etwa 2 x 2 mm hat und das
Gesichtsfeld etwa 3 mm2 bis etwa 10 mm2 beträgt.

10. Verfahren gemäß Anspruch 8, wobei Schritt (b)
durch eine Vielzahl von Funktionen durchgeführt
wird, umfassend das automatische Fokussieren des
digitalen Bildes durch Bewegen des Probenhalters
(31), das Nachweisen, ob in dem Aliquot ein Vital-
farbstoff vorhanden ist, das Schaffen digitaler Bilder
einer Vielzahl von Brennebenen innerhalb der inter-
nen Kammer des Probenobjektträgers (17), wenn
ein Vitalfarbstoff nachgewiesen wird, und das Ver-
arbeiten der mit dem digitalen Bildgebungssensor
(25) gebildeten Bilder, um eine Zellzahl in dem Ali-
quot zu bestimmen, die alle intern innerhalb des Ge-
häuses (12) durchgeführt werden.

11. Verfahren gemäß Anspruch 8, wobei Schritt (c) das
Fokussieren der optischen Komponenten auf eine
Vielzahl von Ebenen innerhalb der internen Kammer
umfasst.

12. Verfahren gemäß Anspruch 8, weiterhin umfassend
das automatische Erzeugen von Kontrastwerten
zwischen benachbarten Bereichen des Bildes und
das automatische Einstellen des Probenhalters (31)
auf eine Höhe entlang des Lichtwegs als Reaktion
auf die Kontrastwerte, um das Bild zu fokussieren,
vor Schritt (b).

13. Verfahren gemäß Anspruch 8, weiterhin umfassend
das Verwenden einer Lichtquelle (22), die spektral
eingeschränkt ist, so dass in dem Bildgebungssen-
sor (25) ein Bild entsteht, das zwischen lebenden
Zellen und toten Zellen differenziert.

Revendications

1. Compteur automatique de cellules (11) comprenant
des composants optiques, un support d’échantillon
(31) destiné à recevoir une lame porte-échantillon
(17), et un boîtier (12) retenant lesdits composants
optiques et ledit support d’échantillon (31), lesdits
composants optiques comprenant une source de lu-
mière (22), un capteur d’image numérique (25), et
des lentilles (23, 26, 27, 29) positionnées de façon
à diriger la lumière de ladite source de lumière (22)
vers ledit capteur d’image numérique (25) en traver-
sant ledit support d’échantillon (31), lesdites lentilles
(23, 26, 27, 29) comprenant une lentille négative (29)
adjacente audit capteur d’image numérique (25), et
deux lentilles achromatiques (26, 27) d’une paire de
lentilles achromatiques (24) séparées par une
ouverture (28), le rapport des distances focales des-
dites deux lentilles achromatiques (26, 27) étant
compris dans une plage de 1,5 à 6, lesdits compo-
sants optiques étant disposés sur un chemin optique
linéaire et étant disposés de façon que, quand une
lame porte-échantillon (17) contenant une suspen-
sion de cellules est montée dans ledit support
d’échantillon (31), une image de ladite suspension
de cellules est projetée sur ledit capteur d’image nu-
mérique (25), ledit capteur d’image numérique (25)
comprenant au moins environ 4 000 000 pixels et
créant une image d’un champ de vision sur ledit sup-
port d’échantillon (31) d’au moins 3 mm2, chaque
pixel ayant une aire de 2 x 2 mm ou moins, ledit che-
min optique étant orienté verticalement, et ledit boî-
tier étant monté sur une base support qui est au
moins aussi large que ledit boîtier (12), ledit boîtier
(12) et ladite base support (13) occupant chacun des
zones latérales de pas plus de 300 cm2, et ledit che-
min optique ayant une hauteur totale de pas plus de
20 cm.

2. Compteur automatique de cellules (11) selon la re-
vendication 1, dans lequel lesdites lentilles (23, 26,
27, 29) comprennent une lentille collimatrice (23) en-
tre ladite source de lumière (22) et ladite lame porte-
échantillon (17).

3. Compteur automatique de cellules (11) selon la re-
vendication 1, dans lequel ledit capteur numérique
(25) contient d’environ 4 000 000 à environ 10 000
000 pixels, chaque pixel ayant une aire d’environ 0,5
x 0,5 mm à environ 2 x 2 mm, et ledit champ d’ima-
gerie étant d’environ 3 mm2 à environ 10 mm2.

4. Compteur automatique de cellules (11) selon la re-
vendication 1, dans lequel ledit capteur d’image nu-
mérique (25) comprend un moyen de génération de
valeurs de contraste entre des régions adjacentes
de ladite image, ledit support d’échantillon (31) ayant
une hauteur réglable le long dudit chemin optique,
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et ledit compteur de cellules (11) comprenant en
outre un moyen pour le réglage automatique de la-
dite hauteur (32) en réponse auxdites valeurs de
contraste jusqu’à mise au point de ladite image.

5. Compteur automatique de cellules (11) selon la re-
vendication 4, comprenant en outre un imageur nu-
mérique qui compte les cellules dans ledit champ de
vision, et ledit imageur numérique et ledit réglage
automatique de ladite hauteur (32) dudit support
d’échantillon (31) étant déclenchés automatique-
ment lors de l’insertion d’une lame porte-échantillon
(17) dans ledit support d’échantillon (31).

6. Compteur automatique de cellules (11) selon la re-
vendication 1, dans lequel ledit capteur d’image nu-
mérique (25) est plat, et ladite paire de lentilles
achromatiques (24) présente un champ focal au ni-
veau dudit capteur d’image numérique (25).

7. Compteur automatique de cellules (11) selon la re-
vendication 1, dans lequel, quand ladite base sup-
port (13) repose sur une surface, ledit boîtier (12)
présente une hauteur de 30 cm ou moins, et ledit
support d’échantillon (31) se trouve à au moins 6 cm
au-dessus de ladite surface.

8. Procédé de comptage de cellules dans une suspen-
sion de cellules, ledit procédé comprenant :

(a) le placement d’une aliquote de ladite sus-
pension de cellules dans une chambre interne
d’une lame porte-échantillon (17) pour former
un film de ladite suspension dans ladite cham-
bre,
(b) la création d’une image numérique d’un
champ de vision d’au moins 3 mm2 à l’intérieur
dudit film sur le compteur automatique de cellu-
les (11) selon la revendication 1, et
c) le comptage numérique desdites cellules
dans ladite image numérique.

9. Procédé selon la revendication 8, dans lequel ledit
capteur d’image numérique (25) contient d’environ
4 000 000 à environ 10 000 000 pixels, chaque pixel
a une aire d’environ 0,5 x 0,5 mm à environ 2 x 2 mm,
et ledit champ d’imagerie est d’environ 3 mm2 à en-
viron 10 mm2.

10. Procédé selon la revendication 8, dans lequel l’étape
(b) est mise en oeuvre par une pluralité de fonctions
comprenant la mise au point automatique de ladite
image numérique par déplacement dudit support
d’échantillon (31), la détection de si une coloration
vitale est présente dans ladite aliquote, la création
d’images numériques d’une pluralité de plans focaux
à l’intérieur de ladite chambre interne de ladite lame
porte-échantillon (17) quand une coloration vitale est

détectée, et le traitement d’images formées sur ledit
capteur d’image numérique (25) pour déterminer un
comptage cellulaire dans ladite aliquote, toutes étant
mises en oeuvre à l’intérieur dudit boîtier (12).

11. Procédé selon la revendication 8, dans lequel l’étape
(c) comprend la mise au point desdits composants
optiques sur une pluralité de plans à l’intérieur de
ladite chambre interne.

12. Procédé selon la revendication 8, comprenant en
outre la génération automatique de valeurs de con-
traste entre des régions adjacentes de ladite image,
et le réglage automatique dudit support d’échantillon
(31) à une hauteur le long dudit chemin optique en
réponse auxdites valeurs de contraste pour mettre
au point ladite image, avant l’étape (b).

13. Procédé selon la revendication 8, comprenant en
outre l’utilisation d’une source de lumière (22) qui
est spectralement limitée pour produire une image
dans ledit capteur d’image (25), qui fait la distinction
entre des cellules vivantes et des cellules mortes.
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